Physical principles of microbubble ultrasound contrast agents.
Early contrast agents could not achieve left-sided cardiac opacification because these microbubbles could not traverse the pulmonary circulation and remain intact. The specific shell material and gas used determine the properties of individual microbubbles, including fragility, persistence, and resonance. Persistence, perhaps the most important property of a microbubble, has been achieved by second-generation agents through the use of shells or surfactants and by substituting high-density, high molecular weight gas for air. Today's agents readily achieve opacification, not only of the cardiac chambers but also of the myocardium. Refinements in contrast agents and in the instrumentation for their detection are primarily responsible for these improvements.